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PREFACE

This report presen;s the results of a study performed by the Hanford

Environmental Surveillance Program to investigate the general characteris-

tics of ground water entering the Columbia River from the Hanford Site.

The Hanford Environmental Surveillance Program is conducted at the

Hanford Site by the Pacific Northwest Laboratory, which is operated by

Battelle Memorial Institute for the United States Department of Energy.

Radiologic conditions in the Hanford environment are monitored and a record

is provided of radionuclides and radiation levels attributable to natural

causes, worldwide fallout, and Hanford operations.

In addition to routine monitoring activities, special studies are con-

^ ducted that periodically intersify investigations of specific aspects of

the Hanford environment. These special studies serve to update or expand

the program's data base, as necessary, with regard to those aspects of the

^ Hanford environment which have the potential to change notably with time.

The study uescribed herein was conducted between the fall of 1982 and

the fall of 1983 to supplement the efforts of the Environmental Surveil-

a^ lance Program, which evaluates ground-water discharges to the river indi-

„v rectly through routine sampling and analysis of Columbia River water.

Ground-water dischargas are also evalur.ted by the Ground-Water Surveillance

^ Program, which monitors the unconfined arluifer beneath the Hanford Site.
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SUMMARY

Ground-water discharges to the Columbia River are evaluated by tha

Hanford Environmental Surveillance and Ground-Water Surveillance Programs

via monitoring of the Columbia River and Hanford ground water, respectively.

Both programs have concleded that Hanford ground water has not adversely

affected ColumAia River water quality downstream from the Hanford Site, nor

has it affected the public through use of the river as a source of municipal

drinking water, for irrigation of foodst.ffs, or for fishing and other forms

of recreation.

• This report presents the results of a study undertaken to supplement

the efforts of the above mentioned programs by investigating the general

characteristics of ground water entering the Columbia River from the hanford

Site. Specific objectives of the exploratory investigation were to identify

Cgeneral shoreline areas where Hanford-related materials were entering the

river via ground-water seepage, and to evaluate qualitatively the physical

characteristics and relative magnitudes of those discharges.

The study was conducted in two sequential phases between October 1982

and September 1983. Phase 1 involved visual inspection of approximately 41

miles of Columbia River shoreline, within the Hanford Site, for indications

of ground-water seepage. As a result of that inspection, 115 "sprinos"

suspected of discharging ground water were observed and recorded. These

^ springs were accessible only during the periods of low water level caused

by reductions in Columbia River discharge rates from Priest Papids Dam.

Durir:g Phase 2, water samples were collected from a distribution of

these springs and analyzed for Hanford-related materials known to be present

in the ground water. The specific materials used as ground-water indicators

for the majority of sanples were tritium and nitrate (as H03) due to their

predominance in much of ^he Hanford ground water. Uranium ar•;lyses were

used in place of tritium for samples collected in the vicinity of the 300

Area where uranium is a primary ground-water constituent. The magnitude
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and distribution of concentrations measured in the spring samples were con-
sistent with concentrations of these materials measured in ground water
near the sampled spring locations.

Water samples were also collected from the Columb;a River to investi-

gate the localized effects of ground-water discharges occurring above and

below river level. These samples were collected within 2 to 4 m of the e

Hanford shoreline and analyzed for tritium, nitrate, and uranium. Elevated

concentratioas were measured in river samples collected near arets where

ground-water and spring concentrations were elevated. All concentrations

were well below applicable DOE Concentration Guides.
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In the fall of 1982, the Hanford EnvSronmental Surveillance Program

initiated o study of the Hanford shoreline of the Columbia River to expand

its data on ground water entering the Columbia River. Specific objectives

of the exploratory investigation were to identify general shoreline areas

where Hanford-related materials were entering the Columbia River via ground-

water seepage, and to evaluate qualitatively the physical characteristics

and relative maynitudes of those discharges.

The study was conducted in two sequential phases. Phase 1 involved

visual inspection of the Hanford shoreline to locate shoreline springs and

record their physical characteristics. In Phase 2, based on the information

obtained during Phase 1, selected springs and locations in the Columbia

River were sampled and analyzed for tritium and nitrate. These materials

were chosen as ground-water indicators for the bulk of samples because of

their predominance in much of the Hanford ground water. Uranium analyses

were used in place of tritium for sa%yles collected in the vicinity of the

300 Area where uranium is a primary ground-water constituent.

The study area encompassed 41 miles of Columbia River shoreline extend-

ing from approximately I mile upstream from the 100-8 Area to approximately

1 mile downstream from the 300 Area (Fiyure 1). This area was selected,

after review of ground-water surveillance data, to encompass all shoreline

areas potentially affected by Hanford ground water.

Specifically excluded from the scope of this study were investigations

of ground-water discharges as a function of time or Columbia River flow

rate. Field investigations, to the extent possible, were scheduled to coin-

cide with the occurrence of low river level in order to observe ground--water

discharges under their probable maximum flow conditions. Also cutside the

scope of this study were direct investigations of ground-water discharges

that did not occur on or very near to the Hanford shoreline. Those poten-

tial discharges were investigated indirectly through analysis of water sam-

ples collected from the Columbia River near the Hanford shoreline.
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BACUROUND INFORMATION

Operations at the Hanford Site have resulted in the disposal of large

volumes of clean and moderately contaminated cooling water and other process

wastes to the ground. The bulk of radioactive materials in these streams

was retained in the soil beneath the discharge points. Filtration and sorp-

tion by the soil column accounted for that retention, with only the more

mobile materials traveling downward to the unconfirsed aquifer beneath the

site. These operations and processes are discussed in detail in USERDA

(1975) and Prater et al. (1984).

The Hanford Ground-Water Surveillance Program is responsible for moni-

toring the unconfined aquifer via a network of ground-*ater sampling wells.

Monitoring data have indicated that mobile materials, including tritilnn,

129I, 99Tc, and nitrate, have migrated with the ground water as it flows

beneath the site. A contour map of tritium concentration in the unconfined

aquifer during 1983 illustrates this migration (Figure 2). Because the

urconfined aquifer beneath the Hanford Site discharges into the Columbia

River, the ground-water program personnel have concluded that Hanford

related materials present in ground water near the shoreline are entering

the river along with the aquifer's flow.

The Columbia River is monicored through the Hanford Environmental Sur-

veillance Program. Samples of river water are collected at locations

upstream and downstream from the site and analyzed for a variety of radio-

active and nonradioactive materials. Hanford contributions to the river

are evaluated through comparison of these analyses. Increases in down-

stream concentrations relative to those upstream are interpreted to be the

result of Hanford discharges.

The last once-through cooling rc:ctor was shut down in the early 1970's

(USERDA 1975), leaving N reactor as the only production reactor in opera-

tion. Since that time, the only radionuclide routinely identified at

extremely low concentrations in downstream samples, but higher relative to

upstream, has been 1cgI (Price et al. 1984). During 1982, the upstream

3
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concentration of 1291 in the Columbia River averaged 6.2 X 106 ± 7.8 X

10-6 pCi/t while downstream averaged 6.5 X 105 ± 3.3 X 105 pCi/t. Poten-

tial onsite sources of this radionuclide have been the N reactor, which

discharges small quantities of 129I as a result of its operations, and the

200 Area ground-water plume, shown in Figure 2, which contains low irvcls

of
1291.

In order to differentiate the contributions of these two sources to

the measured downstream concentrations, the surveillance program personnel

conducted a special study during 1981 and 1982. During this period of time,

a third river sampler was installed and operated at a location downstream

from the N reactor and upstream from the arr.r wfiern the 200 Area gr.r%ind-

water plume contacts the river. The resultz f that study indicated that N

reactor discharges did not produce a detec:able effect on concentrations of
129

1 in the river and that 129I in ground waLer entering the river down-

stream from the third sample location was the source of the elevated down-

stream concentrations.

Ground-water discharges via springs alonc what is now the Hanford

shoreline have been documented as early as 1922 in a report describing the

ur.derground water supply in this region (Jenkins 1922). The routine evalua-

tion of ground-water springs associated with known Hanford sources dates

back to the mid 1960's. Springs in the vicinity of the 300 Area retention

basin and domestic sewage leaching pits were routinely sampled and analyzed

for selected biological, chemical, and radiological corstituents. Springs

on the shoreline near N reactor, resulting from the establishment of a

liquid waste crib, have been, and continue to be, monitored routinely

(Eliason 1967; Rokkan 1984; Greager 1982). In addition to these routine

evaluations, smaller scale investigations were periodically conducted.

tf
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PHASE 1: SHORELINE INSPECTION

The shoreline was visually inspected to locate accessible ground-water

discharges and to record their physical characteristics prior to sampling

and analysis. Although the discharges from shoreline springs may have con-

sisted primarily of river water which had entered the bank during previous

high water, all locations were recorded and assumed to be ground water

(refer to Prater et al. 1984 for a discussion of "bank-storage"). Inspec-

tions were scheduled to coincide with anticipated low water level and were

terminated if the water level increased to the point that springs were inun-

dated.

METHODS

Inspection of the shoreline was accomplished by walking near the

water's edge at low river stage and noting indications of seepage. As

springs were observed, they were assigned a unique identification number

and their location was recorded. Because a consistent method was needed

for relating spring locations to physical landmarks, all spring identifica-

tion numbers and location descriptions were referenced to the Hanford river

mile (RM) post system, i.e., numbered markers located on the Hanford shore-

line of the Columbia River at one-mile intervals indicating shoreline dis-

tance downstream from the Vernita Bridge (see Figure 1). The upstream and

downstream boundaries of the study area were RM 3 and RM 44, respectively.

(RM 3 and RM 44 correspond approximately to US,S river miles 385 and 344

respectively, which are river miles measured upstream from the mouth of the

Columbia River.) Recorded spring locations were numbered sequentially from

the nearest upstream river mile. For example, the first spring downstream

from RM 27 was numbered 27-1; the sr.cond was 27-2, etc.

In addition to numbering and recording the location of each spring,

the following observations were recorded:

• physical description of the spring and its location

• relative magnitude of the spring flow rate

• temperature of the spring water

6
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• proximity to other landmarks

• river condition, i.e., high/low, rising/falling

• time and date.

The shoreline inspection was conducted on nine days between November

4, 1982 and January 3, 1983. The inspection took advantage of a Grant

County Public Utility District (PUD) flow reduction program that coincided

with the inspection schedule. The PUD reduced the Columbia River flow rate

fr- Priest Rapids Dam, located 12 miles 4jpstream from the Hanford Site, to

cfs between 12:00 am and 6:00 am during the period October 15 through

November 30, 1982. (The average monthly flow rate below Priest Rapids Dam

in 1982 ranged from 80,000 to 210,000 cfs.) During, and for a short time

following, these periods of reduced flow rate, abnormally low river levels

were experienced along the Hanford reach of the Columbia River.

Inspection of the shoreline was complicated by the fact that most vis-

^ ible seepage occurred very near the river/sho-eline interface which varied

in elevation very rapidly due to changes in water flow rates past Priest

Rapids Dam. Several springs were inundated by the rising river as their

locations were being recorded, while others were observed to.begin flowing

^ as the river level fell. It was apparent that few, if any, of the observed

r,prings were located far enough up the bank to escape being covered by the

river for some portion of each day. Both the frequency of occurrence and

magr.itude of spring flows varied with fluctuating river level; these vari-
"-,

able river conditions during the course of this investigation precluded

uniform conditions for observing the springs.

RESULTS

Within the 41 miles of Hanford shoreline covered by the inspection,

115 river-bank springs were observed and documented (Appendix A). Three

general types of river-bank springs were observed during the inspection:

• trickl ec or streams, above the current river level, emanating from

rock covered banks -- This ranged from small trickles to relatively

large flows over broad areas. These flows appeared to emanate directly

7
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from voids within unconsolidated gravels or from the interface between

large rocks and surrounding saturated sand and silt. These types of

springs were observed as high as two feet above the existing river

level. Drainage patterns caused by these springs were observed on the

river bottom indicating more extensive seepage at lower river levels.

• vertical"percolation"of water, both above and below the level of the
river, from areas covered with fine sand and silt -- The percolations

were upward flowing vertical columns of water that originated from a

layer of unconsolidated coarse sand or gravel sandwiched horizontally

between layers of fine sand or silt. This type of spring was not

observed higher than 2 to 4 inches above the existing river level and
Iy-t was more often found bt or below river level (as deep as 18 inches

C
below the river surface).

^, • saturated sand and silt containing free water above the levcl of the

river -- This type of seepage was observed in the narrow beach areas

found at the base of bluffs and sand dunes. Free water commonly broke

through the surface of the sand to form sma,11 rivulets flowing into

the river. Holes dug into the beaches collapsed quickly and filled

with water. In addition, layers of coarser sand were often observed

to underlie these beaches and to contain additional free water.

No evidence of seepage from the bank was observed above the mean annual

high-water elevation (vegetation line), and there was seldom evidence of

seepage, either current or past, above the elevation of recent high water.

Although active seepage was observed on the bank as high as 2 vertical feet

above the river, most visible seepage was within approximately 1 foot of

the existing river level.

8



PHASE 2: SAMPLING AND ANALYSIS

The objectives of sampling and analysis were to identify the general

areas of Hanford shoreline where Hanford-related materials were entering

the Columbia River via ground-water seepage and to evaluate qualitatively

^ the relative magnitudes of those discharges. This was accomplished by ana-

lyzing water sampies collected from a distribution of shoreline springs as

well as locations in the river for materials chosen to be indicators of

Hanford ground water. As with the shoreline inspection, sample collection

was scheduled to coincide with periods of low water level in the river.

SAMPLING METHODS

The sampling schedule and methods were developed based on information

obtained during the shoreline inspection. With the exception of those

areas where springs were not observed, spring sampling locations were

selected from the shoreline inspection record (Appendix A)Nto provide a

sample at approximate half-mile intervals along the 41-miletstudy area.

Columbia River water samples w^re also collected at half-mdg intervals,

but only along those sections olt,shoreline where ground waten ronitoring

data had identified the presence of F;anford-related materials in the ground

water ( see Figure 2). Shoreline sections for RM 3 through RM 12, RM 14

through RM 22, RM 27 through RM 33 and RH 41 through RM 44 were identified

for collection of river samples.

At each spring and river sample location, a 1-liter grab sample was

collected in a 1-liter poly bottle. In most cases, spring sample con-

tainers were filled directly from the spring discharge. Where it was nec-

essary to sample springs with low flow rates, a depression was dug in the

bank from which water was scooped and transferred to the sample container.

The potential for cross contamination in these cases was reduced by rinsing

the trowel used for •'gging before and after each use and by lining the

scoop used to transfer water from the depression to the sample container

with a clean plastic bag prior to each use.

9



River sample; were collected from the river's surface (upper 30 cm)
within 2 to 4 m nr the Hanford shoreline. At each river sample location,
an aliquot of water was collected for a composite sample in addition to the
1-liter sample. Composite samples were collected along specific,sections
of shoreline to provide the large volume of water nece-sary to perform some
of the additional analyses discussed in Appendix B. Composite sample inter-
vals were selected to encompass the sections of shoreline adjacent to each
onsite operating area. In addition, three composite sample intervals were
identified between R;1 27 and RM 33 to divide the ground-water plume that
originates at the 200 Areas (see Figure 2) into three approximately equal
shoreline sections. Composite sample intervals were as follows:

fGi 3 to 5 (100-B Area)

RM 5 to 7.5 (100-K Area)

RM 7.5 to 9.5 (100-N Area)

RM 9.5 to 12 (100-0 Area)

RM 14 to 17.5 (100-H Area)

RH 17.5 to 22 (100-F Area)

RM 27 to 29 (200 Area plume)

RM 29 to 31 (200.Area plume)

RM 31 to 33 (200 Area plume)

RM 41.5 to 44 (300 Area)

All composite samples contained 10 liters of river water, while aliquot

volumes ranged from 1.25 to 2.5 liters depending upon the length of the
composite interval. To ensure the comparability of each 1-liter sample and
composite aliquot from a sampling location, water was collected in a single
grab sample and split between the 1-liter sample and composite aliquot.

At the upstream end of each composite interval, an additional 1-liter
^ grab sample was collected at the approximate middle of the river channel.

These samples were intended to provide indications of concentrations in the

river away from localized influences near the Hanford shoreline.

Sample collection was conducted by shoreline section as follows:

RM 3 through RM 12 was sampled December 18, 1982.

RM 14 through RM 33 was sampled January 22 and September 11, 1983.
RM 33 through RM 44 was sampled December 20, 1982.

The shoreline between RM 14 and h,M 33 had to be resampled as a result
of equipment failures on January 22 which prevented collection of samples
downstream from RM 29. Although samples were collected between RM 14 and

10
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RM 29 on the original sample date, they were duplicated on September 11,

1983 to provide a consistent set of data for that section of shoreline.

Both sets of data are provided in this report.

ANALYTICAL METMODS

Samples collected between RM 3 and RM 40 were analyzed for tritium

(3R) and nitrate (N0j) while samples collected between RM 40 and RM 44 were

analyzed for nitrate and uranium. These are the primary constituent's moni-

tored by the Nanford Ground-Water Surveillance Program in those specific

areas. Additional analyses performed on selected samples are described in

Appendix B.

Following collection, samples were prepared, as necessary, prior to

0 delivery to the lab for analysis. A 200-m1 aliquot was drawn from each

0, sample for nitrate analysis. Each aliquot was poured into an acid-rinsed

plastic container, preserved with acid, and refrigerated. The first set of

samples, collected December 7.8, 1982, was spikzd with boric acid, as pre-

scribed in the procedures for the nitrate electrode analytical method.

, Difficulties with the nitrate electrode led to selection of the brucine

method which prescribes a sulfuric acid spike. All samples collected after

December 12, 1982 were spiked with sulfuric acid. No sample preparation

° was required for samples requiring radiologic analyses. All samples were

delivered to the analytical laboratory within 24 hours of collection.

All analyses were performed by United States Testing Co. according to

their standard methods. Samples analyzed for tritium were distilled and

the distillate counted directly using a liquid scintillation spectrometer

with a minimum detectable concentration (MDC) of 300 pCi/t. Uranium was

extracted from nitric acid into ether, the ether phase evaporated, and the

residue was plated on a stainless steel planchet for counting with a low-

background gas flow proportional counter. The MDC for uranium analysis was

0.5 pCi/t. Colorimetric techniques were used to measure nitrate after it

had reacted with brucine. The MDC for nitrate analysis was 0.02 ppm.

11



RESULTS

Forty-one spring and 57 river samples were collected and analyzed for
nitrate and tritium. Samples were collected from six springs and six loca-
tions in the river and analyzed for uranium and nitrate. Ten composite

samples were constructed from aliquots of river water collected along sub-
sections of the shoreline and analyzed for the same materials. The results
of these analyses, as well as details of sample collection, are contained
in Appendix C. Additioral analyses performed on selected samples are
described in Appendix B.

Table 1 provides a romparison of tritium concentrations measured in
springs, in ground-water monitoring wells adjacent to the spring locations,
and in the Columbia River. The concentrations in spring discharges ranged
from levels comparable to those found in nearby wells to levels less than

^ the analytical detection limit. Concentrations in composite river samples,
0` also shown in Table 1, reflect the localized effects of ground-water dis-

charges within those sections of shoreline where ground water and spring
^ concentrations were elevated. Along shoreline areas where concentrations

of materials in the ground water were relatively low or the number and
a magnitude of spring discharges were small, concentrations in the composite

samples were comparable to those measured upstream from the site. Ccncen-

^ trations measured in samples collected near the middle of the river channel

did not indicate any substantial increases relative to concentrations mea-
sured upstream from the Hanford Site. In no case did measured concentra-
tions exceed applicable DOE Concentration Guides (USDOE 1981).

Although an attempt was made to sample under conditions that would

maximize concentrations in springs on the river shoreline, the data pre-
sented in Appendix C are not estimates of maximum potential concentrations
in the springs or river. Nor should they be interpreted as necessarily
being representative of average conditions. The factors influencing the
composition of spring discharges are complex and interdependent. The data
contained in this report are specific to the conditions which prevailed
during sampling and represent a single point on what is likely to be a
broad distribution of potential concentrations.

12
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TABLE 1 . Comparison of Tritiuin Concentrations in Hanford Shoreline and
Colmnbia River Samples

Shoreline Concentration(a). pCi/s River Concentration(a) ci/s
Shoreline

Subsection Yell(b) Spring
Coaqos
Saeple

, p
r ver ps re

Saole Saeple c)

RM 3-5 4.770 5,900 600 100 100
RN 5.5-7.5 49,000 5,500 1,100 300
RN 8-9.5 48,700 38,000 . 2,700 150
RN 10-12 14,000 80 830 200
R11 14-17.5 64,900 4,000 153 65
P.14 18-22 1,900 270 143 130
RM 22-27 115 530 (e) (e)
RM 27-29 230,000 110,000 12,300 107
RH 29.5-31 ( d) 2,700 2,100 (f)
RX 31.5-33 (d) 570 430 (f)
RM 33-40 23,000 1,200 (e) (e)

a x nue ana ytioal result measured. To be compared to DOE Concentration 5oide
( USDOE 1981) of 3,000,000 pCi/t.

(b) Naxinun singla measurement from any nearby monitoring well during 1983. (Data
and analytical methods reported in Prater at al. 1984.)

(c) Average of concentration in samples collectxd from the Coluabia P.iver at Priest
Rapids Dam dUring 1983 ( Price at al. 1984).

( d) No ground-water monitoring well located adjacent to this section of shoreline.
(e) River sanpiing not performed along this section of shoreline ( see discussion of

sampiing aMthods).
( f) Sampie not Collected.

Concentrations measured in samples of river water can be compared to
average concentrations measured in the Columbia River upstream and down-

stream of the Hanford Site during 1983. These annual average upstream and
downstream river concentrations are (Price et at. 1984):

Upstream Downstream

Tritiua+ 100 x 26 pCi/s 130 s 28 pCi/s
Uranium 0.27 ± 0.08 pCi/s 0.50 i 0.15 pCi/s

Nitrate 0.23 i 0.04 ppa 0.27 ± 0.08 ppm

13



Measured concentrations of tritium, nitrate, and uranium in spring and

river samples collected between RM 3 and 12, RM 14 and 22, RH 27 and 33,

and RM 41 and 44, and their locations in relation to operating areas and

facilities on the Hanford Site, are depicted in Figures 3 through 6 respec-

tively. Additional results for 90
Sr, 99Tc, 129I and gross beta are dis-

cussed in Appendix B.
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CDHCWSIONs

Data rollected during the course of this study complement the informa-

tion obtained through routine monitoring of theground water and Columbia

River at the Hanford Site. The Hanford 6round-Water and Surface Environ-
mental Surveillance Prograws have documented:

' the movement of Hanford-related materials in the unconfined aquifer

and their presence at the Hanford shoreline of the Columbia River

(Prater et al. 1984), and

• the negligible downstream impact of ground-water discharges

into the Columbia River (Price et al. 1984).

The results of this study have provided additional information regard-

ing the location and characteristics of ground-water discharges from the

Hanford shoreline. As illustrated in Figures 3 through 6, the predawinant

^ areas of ground-water discharge were in the vicinity of the 100-H Area, the
old Hanford Townsite, and the 300 Area. However, the volume of ground water

entering the river at these locations was very small relative to the flow
of the Columbia River.

The results of this study also indicate that monitoring the unconfined
aquifer is the most effective method of monitoring ground-water discharges

to the Columbia River. Because the wajority of sho:eline springs are acces-

sible only during periods of low river level, routine access is not possi-

ble. In addition, river water can pix with ground water and produce diluted

concentrations in spring discharges.

^ •
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APPENDIX A

SHORELINE INSECTION AND SPRING LOG

Inspection of the Hanford shon•line between RH 3 and RN 44 was accom-

plished in nine days. A log of the river-bank springs observed and recorded

during these inspections is provided in Table A.I. Daily averaged Columbia

River flow rates measured in cubic foet per second (cfs) that were recorded

at Priest R3pids Dam for each of the nine days were as follows:

Flow Rate,
Date cfs

11-04-82 102,000

11-11-82 102,000

11-12-82 94,000

11-15-82 100,000

11-17-82 80,000

11-19-82 73,000

11-24-82 112,000

12-27-82 106,000

01-03-83 119,000

Actual flow rates during the inspections, which began at approximately

8:00 a.m., or earlier, each day and were terminated by rising water by mid-

day, were substantially lower than these daily averages. The mean annual

flow rate of the Columbia River during 1982 was 140,000 cfs.



TABLE A.l . Shoreline Inspection Record

^'ga

CY`
g{ s

1 ^

1-

^ '

River Msle Spring Inspection
Location Designation Date/rtae Des<r+ntlon

3 3-IA 11-17412/7:20 a... 10.9'C. .07erate to heavy flow. OS(a) and of smn lnlet.
25 it OS from nlis extending into river, 10 ft from rt-
ver's edge. cobbles and boulders

3-I6 7:35 11.3'C. lon flow. ICO ft 05(6) 3-lA. 5 ft from river's
adge cobbles and boulders

3.3 3-2 e:00 6.1 'C. moderate to heavy flow I. .1dd1e o ( narrw ryddy
inlet esten61n9 inland, 1/3 .tles 05 AX(c1 3, 10 ft from
rlver's edge cobbles and boulders either side inlet

3-3 6:15 6.0'C. rery Iw flow. in elongated depresston-racks piled
on eitMr side. flat bank

3.5 3-4 8:45 6.0'C, very 1w fiw, drainage area behind pentnsuls

3.7S 3-5 9:00 16.4*C, Reavy flow. in secondary sweli lnlet Ins7de
gen7nsula, eaYnates from row of cobble, below to trespass
sign

3-6 9:05 21.94, heavy flow. 1S0 it OS 3-5, sandy area srall gravel.
underlatn by gravel, 6 it frompercol ates soi l l

edge, below sign

3.9 4-0 11-11-62/7:00 a.a 21.0'C. heavy flw, broad cobble sbore, 100 y OS B Intake
300 y US NN e. pools and 110ter flow in area 16-19'C.
flow within Intake rip rap

4.2 e-1 7:20 I6.2'C, Mavy flw, inside concretr lined euutrall.
eeanating from crack 6 y below rock backfill

4.2S 4-2 7:35 23'C, heavy flow. 50 y US from 2nd 100 area 6 wtfal7 and
y0L no, Feanates frw cobble right at river lerel.

5.0 5-1 7:16 11.2'C. moderate fiw, area 100 y wide nnr rlver's edge,
cobble snall to nedtu., 50 it DS IN S.

5-2 7:39 I1.2'q moderate flow. 20 it area of rocky share. several
percolating springs. 250 y OS RM S

5.25 S-3 7:56 10.9'C, Iw flw, well trickle in rocky sbore near river's
edge. 100 y 05 5-2 bebeen 5-2 and pWetp nwse

$4 8:09 17.3't, nodente flow, several swail springs at river's
edge, 60 y D5 5-3.

5.6 5-16 11-12-62/6:51 a... 12.3'C, low flow. 100 y OS puq statfon

5-5 6:58 10.2'C, moderate flow. 50 y OS S-M, percolating

5.9 S-6 7:20 12.6'C, moderate flw, continuous to p1 6 (50 y)

6.0 6-1 7:39 12.9'C. moderate flow. percolating continuous for 50 ft.
150yD5gN6

6.2 6-2 7:49 10.1'C, Iw fiw, percolating strer, 7S y US boat
launch area.

6-3 8:28 e.e'C, loa flow. 7S y g5 100-[ slest tntake

6.8 7-0 7:00 U.M. heavy flow. inside narrw lnlet estendtng lnland

6.9 7-1 7:30

a trla.
e DS - Dorstrta.

(c ) DN - tlver Illle

tD y from river's Nge 20D y DS I00-e Fast tntate, tntets
surrounded large bwlders and cobble - 20 ft DS is another
lnlet. Iw flow 12.0'C

11.9'C .oderate to lw flw, enanating fro. snall boulders
at DS 3nlet from ssull point. a ft from rtver's edge, 100 y
OS is anotner area Iw flow I2.SY ( at p1 7)

^;.. ,

^_.

Ae2



TABLE A.1. Shoreline Inspection Record (Cont'd.)

R7nr Mle Sprtsq IssOettles
trcat/w Oestqution pte/Tlea 4svtsttn

7.0 7-1 7:40 . 13.5'C,W. ^r t 1 5 7 frs rtr^'sWe aMte ad 1w1Urf.
95 Is ty ararll t t -)0Ier10 1^-7 , r r p sI!0 ft OS t 7

Iwq flow 13.0'C - 30 7 OS is 3N aaee Mnf flow 14.60C.
s it fiee rinr•s e4e - 35 ) total K 7-1 aa arae 15A'C.
MeM area of yrlw (directly balm 11-1! rf l-aws^aSN

MsMt Mr - at [ n9eJ antll Ma ater . e, .wi
aree, lar no+ II.YC (M site st}) - 4:10 a.a

7.25 7-2 5:12 154'C. Mwate nar. area 15 it .Gle, atE tslet at OS
eM of MlretsM [-i.swtl enrnar area. f ft frs rl.er's e05e

7-3 8:20 11.2'C. aMrete now. ICO it OS(a) is ttes0ess st^+ to ^
DSets st t 1t0 it- 10 YC balm ee t.vf l ' / }rom r tr se se . 0

from 7-3 IstwdtGe nor 05 free 7-3

7.3 74 8:45 11.t'C. Mry taap na, fares all Oeel. lw1ANr arr IS ft
from rlser's edte. teat LroaM ar flat

8.25 8-1 9:25 12.kYC. 1wt nar. te 9rao,es I.^Malwlar to riser. 15.7
from rlrar's dte. nat toMle ssan. S00 7 OS IN 0- 60 it
05 61 1 2.2•C, Oarcelat/s9 nrt1u11r from Mle tewe rocks
2 it fr^ river's f:30 a... 11.9`C balm an t+efeass
s15. S it free rtter s aeee

8.3 0.25-1 11-174L9:K as. 1.5'C. dente now. amaatas 9ara kwUers 10 it from
river's eate. W areW serlM. toll /wl

8.6 0-10 74f 15.YC. MoAena nar. tatleaws for 75 Y. 30 7 OS 100 0 IetOe

8.75 8-11 7:53 17.6-C, Marf now. 25 it o5 Ull Tto. telm sWestaci. 100 Y
OS letate

8-12 8:03 20.2'C. seap nur. balm an traseass st9A W track

8.9 5-13 0:05 20.1•C, kaq no. tatlewt 2S 7 W 7S 7 OS . 100 ft OS
from teq11 sWck. 100 7 OS frr 1-12 atYr taNnt+es 21.4.
21.7, ad 25.5'C at Oraye nct 2S 7 OS flrck and N it from
rlrr's edge 5-13 tuatteees past M 9 - Nyrtst d:wr9e
at skack

9.25 9-1 $:35 20.9'C. 4aq flev. 9-1 t.rks W of teetlawn ara fra
e-13. 1/1 .sle OS t11 9

9-2 E:aS 15.1•C, ae0arata now. ts0 It OS 9-1

9-3 0:51 19.7'C. Iwt7 flor, i^^ r OS 9-2. WSe Poal, twtf.aos 30 2

94 9:01 1f.7Y. Msry now. tostfnucss 25 y

11 11-1 1-3-0318:50 a... 1t.5'C. taq no..tar Nvar le.el. 200 It W.1 11 at OS
edge of coscrete owtfall, rfser rtstn9

14.5 144 12-27-02/9:13 a... DlstrltwtN tcaq now tostttvou from IA 16.25 to rocky
eotet at U 14.5, broad net rocky Metk - sW lerl Oelon
riwr Ienl, located EeWM 1siaM artl telor ror of trees an
91sff, ta-a rrkN I. red on rocks

1a.5 N-S 9:07 IloNrete to lor flow Immalfatel7 araa.0 rocky ptst 05 of
I44, awtla/ from ntks aDoae 9reaY net sns Maa.
1a-S .arkM I. red an rocks

1s 15.0 l:at 9.3'C. .ahna flow free sarror sanJy peaa balm
n9.tatlo. EN1W and fsv faet IK tN IS. DertClattoa fre• said

15.25 I54 9:00 S'C. rer) low rlor. 40 it dor from neceete slal 70 It IA
from twd 1. It Area resce

( eS ns = m^:st:ea.
(U tat - tl,er Mile

ti
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APPElDIX B

AIbITIONAL ANALrSES

In addition to the analyses described in1he Phase 2, Sampling and

Analysis section of this report, selected samples were analyzed for 90Sr,
129I, 99Tc, and gross beta. These snalyses are discussed in the sections

that fotlow.

STRUNTIIM-90 AHALTSES

Analyses for 9OSr were performed on composite samples of river water

collected between RI! 3 and HM 22. Because this analysis requires a

9.5-liter sample, individraal spring and river samples were not analyzed for

"Sr. Results of these analyses, listed in Table B.1, are consistent with

the results of other analyses performed on samples collected in these areas,

in that the highest concentrations were observed in shoreline areas known

to be in contact with Hanford ground water.

IODIME-129 ANALYSES

Analyses for 129I were performed an four spring samples and two large-

volume river samples collected betmen Rq 27 and Gfi 33. Iadine-129 is a

constituent of the ground-water plume that originates in the 200 Areas and

is thought to be discharging 129I to the Columbia River along this section

of shoreline. For the purpose of these analyses, additional 10-liter saoo-

ples were collected from springs 27-1. 28-2, 31-5, and 32-0. Two large-

volume river samples were collected at RM 27 and iEM 29 by pemping 100

liters of water through nixed resin ion exchange columns. The results of

these analyses are listed in Table B.Z. As with goSr, the results are con-

sistent with other analytical results obtained frmn samples in this area.



its about ground-wter discharges via river-bank springs. The analyses

were performed on January 6, 1984 using water reaaining in each sawqle after

analyses for tritiun and nitrate had been performed. Results of the gross

beta analyses are listed in Table 8.3.

TECNllETIOM-49 ANALtSES

In addition to the 129I a:rslyses described abore,.?9Tc analyses were

performed on the 10-liter samples collected from springs 27-1, 28-2, 31-5,

and 32-0. These analyses produced results that were consistent with the
1291 and other analyses performed an samples collected from these springs.

Results of 99Tc analyses are listed in Table 8.4.

a.2



TABLE B.I. Strontium-90 Analyses from Columbia River Samples

River Nile Sample Qate Concentration,
Location ID Collected DCi/t t2a

3.0-5.0 B Comp [01(a) 01/22/83 0.55 t 0.23

5.5-7.5 K Coop [iD 12/18/82 0.18 i 0.02

8.0-9.5 N Corp RH 12/18/82 28 t 0.47

10.0-12.0 0 Comp RY 12/18/82 1.1 t 0.05

14.0-17.5 H Corp RM 01/22/83 0.50 t 0.14

18.0-22.0 F Corp RN 01/22/83 0.93 m 0.15

Upstream Columbia
River Concentration
(Average 1983) 0.18 1 0.22

DOE Concentration
Guide (OSOOE 1981) 300

(a) Camp-RN denotes composite river water sample comprised of
aliquots from imnediately preceding river sample locations.

TFBLE 3.2 . Iodine-129 Analyses from Spring and Columbia River Samples

River Rile Sample Oate Concentration,
Location ID Collected DCi/t t2a

27.0 27.0 RH(a) 01/22/83 3.3x106 t 1.4x10-6

27.0 27-1 Sp(b) 09/11/83 1.6x10-4 ± 2.1x105

28.0 28-2 Sp 09/11/83 6.2210-2 ! 6.8x10-3

29.0 29.0 RY 01/22/83 6.3x105 t 5.Ox106

31.75 31-5 Sp 09/11/83 3.0x105 t 4.040-6

32.5 32-0 Sp 09/11/83 4.4x105 y 2.7405

ERystream Columbia
River Concentration
(1983 Avenge) 2.4405 t 2.6x10-5

DOE Concentration
Guide (0S00E 1981) 60

I
a) R11 denotes composite river water sample.
b) Sp denotes river bank spring sample.



TABLE B.3 . Gross Beta Analyses from Sgring Samples

River Nile Sample Date Concentration,
Location ID Collected pCi/s t20

14.5 14-4 5p(a) 09111/83 2.5 t 1.8

15.0 15-0 Sp 09/11/83 3.2 t 2.0

19.0 18-3 Sp 09/11/8', 12 t 2.8

22.75 22-4 Sp 09/11/83 4.6 ± 2.0

23.6 23-4 Sp 09/11/83 0.46 ± 1.6

Hanford Slough 25-2s Sp 09/11/83 3.9 t 1.9

25.5 25-3 Sp 09/11/83 0.21 ± 1.3

26.2 26-1 Sp 09/11/83 2.2 ± 1.7

27.0 27-1Sp 09/11/83 0.26 t 1.6

27.5 27-3 Sp 09/11/83 35 ± 4.4

28.0 ."'0-2 Sp 09/11/83 3.0 1 1.7

28.5 28-4 Sp 09/11/83 9.8 ± 2.6

30.0 30-1 Sp 09/11/83 5.0 ± 2.1

31.0 31-1 Sp 09/11/83 1.0 ± 1.8

31.75 31-5 Sp 09/11/83 2.6 s 1.8

32.5 32-0 Sp 09/11/83 0.46 ± 1.4

33.0 33-1 Sp 09/11/83 26 t 3.9

Eipstream Colw+bia
River Concentration
(1983 Arenge)

DOE Concentration
Qride (OSDOE 1981)

(a) Sp denotes river bank spring sagrte.

d.4

6.1 t 22

3,000

r:Z

^ ^ ^ :a^



TABLE 3.4. TecNrtetiuw-94 Analyses from Spring Saaples

C>, •

.7^

r,!'3

River Mile Sasple Date Concentration,
Location ID tollected yGi/t t2a

27.0 27-1 5p(a) 09/11/83 0.045 1 0.005

28.0 28-2 Sp 09/11/83 43 t 2

31.75 31-5 Sp 09/11/83 0.012 x 0.003

32.5 32-0 Sp 09/11/83 0.065 t 0.007

ltpstreaw Columbia
River Concentration

(b)(1383 Rrerage) NA

",.,'1_E Concentration
Guide ({1SOOE 1981) 200,00

(a) Sp denotes river bank spring sample.
(b) Rot analyzed.

ta`a
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TABLE C.I. Sumom(ary of Sample Collectian and Analytical Results

r'

E.

^ ia ^, . ^^'Y, ^•

Wi'+

^•.i1;.=i
,.

qIi

^uli d;
7

Ii

Samole Collactton Malrsaa

Rlvar Mllia)
Location Segla ID

Saapl•
Sixa

Data/Tlr
Collactad pCl/1 !20

NO D..
_^ pCl/1 t 20 Commants

3.0 3,0 BKG(b) 11 12-16-02/0745 ( 1,05a10 6 1,E3x10 ) (f 0,26 6,20C mId riwr

3,0 Rrfa1 IL 12-16-62ro745 (2,73x1o2 1 3.Ox102) 0.53 29 for B enp.

11 01-22-63/0800 2,97x102 1 2,15xi02 0.71

3-IA Sp(d) 11 12-18-82/0756 ( 2,60x102 1 2.63x102) 1.26 9,09C

3.5 3.5 RM It 12-18-82/0800 ( 2,51x102 5 2,64x102) 0,31 21 for B eaq.

11 01-22-63/0900 ( 2.0931102 ! 2.14x102) 0.66

3-3 Sp It 12-18-62/0804 5.50x102 5 2.60x102 0.18 7.6'C

4,0 4.0 RM It 12-16-62/0615 (1,61xt02 6 2.40x102) 0,22 2; for B comp.

IL 01-22-03/0930 2.70x102 ! 2.14x102 1.24

4-0 Sp 11 12-16-62/061E ( 1,10'xi03 ! 2.27x102) 7,64 16.2'C

4.2 4-1 Sp IL 12-16-62/0620 5,92)9 103 * 3.E2x102 0.75 17,YC

4.25 4-2 Sp IL 12-18-0210621 6.61x103 * 2.69xt 02 1.6E 20.1'C

4.5 4.5 RY 11 12-1t1-6T/0l41

^ ^ p

3,!'[/02 ! 3.27x1T 0.56 2 1 for B ecrp.

It 01-22-83/1000 (9.10xi01 * 0.97

5,0 5.0 RY It 12-13-a2/0615 (2.00x102 ! 0.53 2 1 for ^ ooap.

11 01-22-63/1030 (6.30xt01 ! 0.80

a eomp. RM(a) 11 12-16-E2/o900 5.97x102 ! 0.44

101 01-22-83/1030 (11.20401 ! 0.93

5-1 Sp 11 12-16-62/0640 6,39102 * 3.1300
2 0,M 10$'C

5.25 5-4 Sp (1 12-16-02/0900 0.71x102 ! 1.0,102 4.43 16.7C

5.5 5.5 BKG IL 12-18-62/0911 3.09xi02 * 0.44 6,20C old rlv.r

5.5 t6i 11 12-18-E2/0906 0.26x102 * 0.18 2 1 for K oop.

5-4A Sp IL 12-16-62/0909 6.73x102 * 0,90 10.20C

6.0 6.0 RK It 12-1E-82/0915 ( 2.77xt02 3 0.09 2 1 for K eap.

6-1 Sp It 12-16-62/0915 5.49x103 ! 0,60 0,14C

6.5 6.5 RM 11 12-16-62/0925 1,28x103 * 0.40 2 1 for K eaop.

7.0 7,0 RM 11 12-18-82/0933 3,50xI02 1 0.58 a2 1 for K co,.

7-1 Sp 11 12-18-82/0933 1,40x103 1 0.40 11.29C

(a-f) Kay found at and of taEla.



TABLE C.I . ( contd)

Ssota Coliactlcn Analvses

'

Rtwr Nlla(a)
loutton Sr.ota ID

Serpla
SIa

Data/tlw
Cal taelW

3H.
ACI/b !20 .

NO . U,
oCt/! t 20

' 7 3 5 RN<W7 1!, 12-18412/0930 (I,85x10 s1^ 9lx102 it) 0.62 2 L for K comp.
, .

K mip, RN(a) IOL 12-10-02/0938 1.13x103 * 2.96x102 0.13

F^t= 8 0 0 BKOfb)8 It 12-16-82/094a 1.49xI02 ! 1,30xI02 0.09 6.,1•C sid rlwr
. .

8.0 R% It I2-1a-82/0945 1,33x103 = 2,31x102 0.35 2.6 1 1`a' N mq.

0-1 Bpld) if: 12-1842/0945 3.97xI03 * 2.66x102 O.M

11.5 8.5 f01 It 12-III-82/0932 3.10x102 * 2.81x102 0.10 'L.S L for N comp.

r p l: :•j. 6-10 so It 12-1e-62/o9sz {.66xloz : z.elxto 1 .02 ts.rc. ,
9 0 9.0 RM It 12-16-02/1001 4.43x103 3 3.50x102 I,i4 2,5 ! for N comp.

,

9-0 sp 1; 12-10-02/1001 3,05x104 * 5.54x102 10,4 Ziy.10C

9M 9.4 gp it 12-16-02/1007
2

2.24x10
*

3.39x10 3.54 16.10C

9,5 9.5 Rti 11 1Z-10-02/1016 7.61x102 t 2,OIx10 1.37 2.5 t for N comp.

N comp. lal t0t 12-10-02/1016 2,71xI03 t 2.53x102 1.24 2.5 ; for N co".

N 10.0 10.0 IlCO It 12-10-82/1029 2,0tx102 ! 1,03x102 0.11

10.0 AII it 12-18h02/1021 O.30xi02 t 1,49x102 1.99 2 t for D comp.

10.5 10.5 RM It 12-10-a2/1133 3.1lx102 * 3.01x102

2 2

0.22 2!, for 0 co.op

k* 11.0 11.0 fm It 12-18-82/1137 3.I0r10 s 2.52x10 0,24 2t.for 0 comp.

11-1 Sp it 01-22-63/1230 <0.00x101 3 2.11x102) 1.11 6,1'C

11.5 11,3 RN 17, 12-18-02/1142 (2,l9x102 * 2.59x10-) 1,7: 2 L for D comp.

12.0 12.0 R11 it 12-1a-62/1140 2.96x102 3 2.19x102 0.18 2 t.for D coxp.

^I p D comp. RN lo.f lz-le-eznlle 0.29xto2 s 3.26r.10' 0.22

I^^ ^^:NI 14.0 14,0 BKO It 12-18-82/1200 2 24.74xt0 * 2.39x10 6.4•C
}

IL 01-22-83/0739 (4.90x10

t

3 2,11x10 ) 0,66 4.30C

it 09-11-83/1640 f6,46x101 * 2.03at02) 0.03 10,40C Nd riwr

14.0 IN It 12-10-82/1200
2

0.56x10 * 1.89x10 ) 0.31

It 01-22-83/0743 ( 6.30x101 * 2.11x102)
2

0.26 ep1.5 b for H co.

It 09-11-83/1637
2

6,03x10 * Z.IIx10 0.10 1.5 t for H mq.

.v .. fi 4 . (a-f) Key found at and of tabta.

;.

^^.
.

4



TABLE C.1 . (contd)

pp [t^,
&i p€ I

{

il....^^i . .^

^Pi^'rpAwir. ,

n
w

^

pat^ I I^^ I ^ ^

Saaola Collactlon Analvses

Rlvar Mlla(a)
Location Si.aig10

Saapla
SI s

Data/Tlr
Collaetad

3H,
9C1/Jt t2a

NO , U,
^ PCI/t ! 20 Commantr

14.5 14.5 RM(o) It 01-22-83/0620 (-1,7px10 t 2,IOx102)lf) 0,44 1.5 L for H map,

It 09-11-63/1631 11,30x102 2,04x102) 0.15 1.5 1 for H eomp.

14-4 S9ld) It 12-27-82/0920 1,21x103 * 2,20x102 1.06

It 09-1I-63/1630 4.03x103 t 2,74R102 2.36 13.9•C

13.0 15.0 RY It 01-22-83/0433 3,89x102 t 2,16x102 0.44

it 09-11-83/1620 (3,19x101 * 2.02x102) 0.25 1.5 A for H eaaq,

15-0 Sp It 12-27-82/0646 5.80x102 ! 2,18x102 5.75 1.5 A for H caap,

It 01-22-03/0613 4,51x102 * 2,17x102
1.55 7,2'0

It 09-11-63/1622 2,12xI02 t 2,03x(02 0,48 19,30C

15.5 15.5 RW LC 01-22-83/0830 (1,62x102 t 2.11x102) 0.44 1.5 !, for H eaap,

It 09-11-83/1614 2,34x102 * 2,04x102 <0.02 1.5 t for H ooap.

16.0 16.0 RW It 01-22-83/0855 (-6.00x100 it 2,10x102) 0.58 1.5 1 for H Coap.

it 09-11-83/1609 3,49x102 a 2,06x102 0,43 1,3 L for H oaap,

16.5 16.5 RW It 01-22-83/0901 19.60x101 * 2.11x102) 0.31 1.5 L for H wy.

14 09-11-03/1606 2.43x102

1

2,06x102
0.15 1.5 L for H eap.

17.0 17,0 RW It 01-22-83/0939 (1.72x102 * 2,12x102) 0.44 1.5 ; for H eap.

it 09-11-83/1648 (1.35x102 t 2.01x102) 0,20 1.5 L for H oomq,

17.5 17.5 IN 14 01-22-65/0949 (3,30x101 3 2.10x102) 0,44

It 09-11-63/1600 (3.36x101 * 1,99x102) <0.02 1.5 L for H eap.

H mp. R111a) 101 01-22-83/0939 (1,53x102 t 2.12xi02) 0.66

101 09-11-63/1637 (-3,68x101 * 1.97x102) 0.15

H Slouyb H Slouyo-RM It 01-22-63/0947 (3.30x101 t 2.
02)

0.22 mlydls of slosyb

It 09-11-83/1538 3.95x102 * 2.67x102 <0.02

18,0 18.0 BaOID) Iit 01-22-AS4933 11,30x101 t 2,I0x102) 0.80 4.4'C add river

IL 09-11-03/1535 ().31x102 * 2,04x102) 0,03 M1.400: Yd rivar

18.0 RII It 01-22-83/1100 (6,70x101 * 2•11x102) 0,44 1.3 it for F eaq.

It 09-11-83/1522 (1.73x1o2 : 2,04x1o2) 0.23 1,23 ; for F Coap.

(a-f) Kay found at and of tabla.
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TABLE C.I . (contd)

•!ao' I
!i', ^^^ tl¢,I

I

rWr...^

^..,

e')
^

I1^,

Sample Colleotlon

Rlvr MIIi a)
l lq IDSM.

Sampl•
SIO

Data/Tlir
Collw7<d

3H . NO r U.
pCl/1.^2s oCI/R t 20 CorentsLoeat on o

18.25 18-1 Spld) It 01-22-83/1100 (1.56x102 t 2,1300)^ 0.66 5.000

IB,S 18,5 RKIe) It 01-22-83/1113 2,42x102 3 2,13x102 0,44 1.5 A for F cap.

It 09-11-83/1515 (1.31x102 t 2.04x102) 0.24 1.25 ; for F ew.

19,0 19.0 RM it 01-22-83/1127 t1.99xI02 t 2.13x102) 0,26 1.5 X for F co".

It 09-11-63/1450 2.10x102 t 2,03x102 0.10 1.25 1 for F oaq.

18-3 Sp It 01-22-63/1127 2.69x102 ! 2,14x102 0,88 4.9'C

it 09-11-63/1445 2.56x102 1 2,04x)02 1,77 17,70C

19,5 19,5 RW It 01-22-63/1134 2,33x102 3 2,14x102 0.44 1,5,C for F eap,

Ic 09-11-63/1435 (2.01x,02 L 2.03x102) 0.05 1.25 A for F wop.

20.0 20.0 RM it 01-22-63/1142 c1.66x102 5 2,12x102) 0.44 1.5 1 for F ooaq.

11 09-11-63/1431 (1,92x102 t 2,03x102) 0,16 1,25 it for F eap.

20.5 20,5 RM It 09-11-83/1427 f-6.67x101 6 1,97x102) 40.02 1.25 4 for F eap,

21.0 21.0 RW It 09-11-83/1410 2,54xI02 fr 2,06x102 0.10 1.25 ; for ► aaq.

21.5 21.5 Rw It 01-22-63/1640 3„Y'v102 s 2,15x102 0,66 1.5 ; for F eoxp.

it 09-11-63/14116 (1,23x102 * 2,04x102) 0.25 1,25 L for F aoq,

22.0 22,0 161 It 01-22-63/1625 2,85x102 * 2,14x102 0.66 1,5 L for F

22-1 Sp It 01-22-63/1620 (2,1Ix102 * 2,13x102) 0.66 6.10C

F aaq, RYf^) tOR 01-22-83/1640 (1,43x102 t 2,14x102) 0.66

101 09-11-83/1522 (4,38x101 t 2.00x102) <0.02

22.75 22-4 Sp It 01-22-63/1610 3.13x102 3 2.05x102 0,88 6.30C

it 09-11-83/1345 2,35x102 i 2.06r102 6.87 17,4•C

23,6 23-4 Sp it 09-11-83/1335 2,22x102 t 2.03x102 0.36 17,3•C

INxfcrd Slough 25-25 Sp It 01-22-63/0810 2,66x102 t 2.o3x102 5.53 12,3'C

It 09-11-63/1315 f6,63x101 * 2,00x102) 0.35 23,30C

Hanford Slough Hanford Slouyh-RM It 01-22-63/1540 2,62x102 fs 2.I4x102 1.51 COllaoted from Uro'r.

if 09-I1-63/1317 3,53x102 t 2,06x102 <0,02

(x-f) Keq found at and of taElO.
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TABLE C.I . ( contd)

k, t

^!

9 ^

.

Si.MOCollaetlon MaFVa«

River Mili al Snpl• Dats/Tlr 3N. ^1. U,
Loatlon Saaol. ID Site Co1laeNd pCl/t 620 fip o01/L i 2(l Commants

25.3 23-1 Spfdl it 01-22-63/IS50 3.SpxlO i 2. 0.22 7.08C

25.5 25-3 Sp it 01-22-63/09W5 3.10x102 * 2.06x102 0.66 4.90C

11, 09-11-53/1300 1.34x102 ! 2.10xI02 0,47 17.7'C

23.6 25-4 Sp lb 01-22-63/1710 (1.36x102 * 2.11xI02)ffl 1.11 7.10C

26.2 26-1 Sp it 01-22-63/1015 3.21x102 * 2.06x102 1,33

it 09-11-63/1215 f6.15x101 ! 2,06x102) 0.55 21.4'C

27.0 27.0 6tt01e1 it 09-11-63/1225 (1.0tz102 a 2.o1x1o2) 0.09 17.600 .Id river

27.0 RMIOI it 01-22-63n127 (-1x100 a 2,10x102) 0.75 2 f, far27/29 eaq.

it 09-11-63/1221 11.55x102 i 2.02x1o2) 0.21 2 9 for 27/29 co,.p

27-1 Sp It 01-22-63/1126 2.92xI02 t 2.06x102 0.55 1.64C

it 09-11-63/1215 3.69x102 * 2.06x102 0.73 15.190

27,5 27.5 RM it 01-22-63/1336 I.O5xI04 i 3.42x102 5.53 2 R for 21/29 aap.

It 09-11-63/120D 2J6x1o3 1 2.5ux1o2 0.05 2; for 27/29 oap.

27-3 Sp it, 01-22-63/1336 6.03xi02 i 3.16x102 1.99 6.200

it 09-11-63/I2At 9.17000 6 9.16x102 3.05 16.7'C

28.0 26.0 RM It 01-22-63/1400 1.66x104 * 6.10x102 9,62 2 1, for 27/26 eosp.

it 09-1I-d3/1157 6.06000 a 7.61x102 1.18 2 R for 27/29 cc".

28-2 SD IR 01-22-63;It^'A 7.96x104 * 7.79x102 16.6 1I.1'0

It 09-11-03/1150 1.10x105 t 9,96x102 4,65 17.4'C

28.5 26,5 RM 11 01-22-63/1225 1,11xI03 * 2.22x102 2; for 27/29 cap.

it 09-11-63/1110 7.92r103 * 3.26x102 2.35 2; for 27/29 oap.

2" Sp IR 01-22-03/1125 2.32x104 t4.51x102 7,52 5.90Q

It 09-11-63/1136 9.69x100 i 9.40x102 6.2 19.60C

26.6 26-6 Sp It 01-22-83/1517 1.31x1o2 s 2.I5002 1.55 ^^ooat ^^^wf^

and RR 29

(a-f) Kay found at .edof taEl..
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TABLE C.I . (contd)

11

4;, I

.cpe

^
V

f•loli^. I!.

lav01o Ce1lMlos Iwlvsg

R1var MIItsl SaOis DaH/71es 11, , U,
Location ID 51s C011ioqd pCl/t i2g _ ___

-
,, o01/t a 20 Co^ints

29,0 29,0 RMtcl 1; 01-22-61/1240
ttl^

f1,01x10 i 2,11x10 1 0.71

It 09-11-63/1119 1,11xI03 * 2.75x102 0,24 2 f. for 27/29 aaq.

29-0 Sptdl It 61-22-63/1235 1,63xl03 i 2.31402 2.65 now loastlon-biwb
bsloa RM 29

27/29 cap, RYtil 109 01-22-63/1130 t1,23x04 i 3.6040
4

2.65 2; for 27/29 oap,

I0; 09-1143/1221 1,17x04 a 0,35

29.5 2915 RII it 119-11-63/1100 2,56x103 i 2,4440
2 40,02 2.5 C for 29/31 aosp.

30.0 30.0 RM If, 09-11-63/1033 2,32x103 a 2.44002 0.15 2.5 & for 29/31 aop,

30-I sp It 09-11-63/1025 2,73x103 i 3.14 20.10C

30.5 30,5 RM It 09-11-63/1012 2,73x103 a 0,05 2,5 It for 29/31 aap,

31.0 3110 RM If, 09-11-63/1009 9,36x102 i 2.2040
2 0.05 2•5 t, for 29/31 oaq,

31-1 sp I; 011-11-63/1005 t1.57x102 i 5,25 15,640

29/31 oap, RW 10; 09-11-63/1100 2.07x103 i 0,26

31.5 31.5 RM IR 09-1143/0946 6.66x102 a 0.15 2.5 4 for 31/33 aasti,

31.75 31-5 Ip llu 09-11-63/0950 t1,90x102 i 2.64 17,6'0

32,0 32.0 RM It 09-11-63/0923 i,69x102 t 0,09 2,5 L for 31/33 oaq.

32,5 32,5 nll 1; 09-11-63/0912 9,06x102 t 0,11 205 4 for 31/33 6qq,

32-0 6p It 09-1143/0927 3.17x102 i 1,76 17,66C

33.0 33,0 RM 19 09-11-63/0900 t1.30a102 i 0,05 2,5 A for 31/33 oosp,

33-1 Sp IR 09-11-63/0900 5,73x102 a 2,11402 0.75 17,900

51/33 ooip, RM 104 09-11-63/0950 1,31x102 t 0,15

37.2 37-1 6p It 12-20-62/1047 1,19x101 i 5,31 6,7^C

36,25 36-1 Sp It 12-20-92/1120 1,72x102 t 4,65 6,44C

41,5 11,5 RW It 12-20-12/1235

41,6 41-I Sp 11 12-20-62/1235

trf! Kiy foon0 it vb of tabis.

0,62 0,106 6 0,143

3,96 9,05 a 1,16

6A'0or 11.5/44 ooip,l

11,1'0

i
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TABLE C.1 . (contd)

tanola fbllaatlan Malrws

I 6;^,. :'.
3 y

Rlvar Rlidlal Saylo DatdRlir ^R, MOs,
L l C 01/! 2

U,
Ctl Owt on fnwla 10 Slsa ollaetN p 6 a no 1014 a 2d arrah^

42.0 62.0 RII It 12-20-62I1235 2,12 1,57 i 0.316 2A for 11,6/44 om.

42-1 lq It 12-20-62/1235 12.6 19.1 a 5,40 11,66C

1s 01-22-63/15)0

ld)

19,0 a 6,61 13,700

It 12-20-62/1705 2,21/2,25 42-2 )fp 16,2 a 5,67 11,260

L It 01-22-63/1500 - 6,72 t 3.05 17.140

4205 42.S RY(a) IL 12-20-42/1311 0.26 0,612 * 0,214 2; for 4I.5/44 ooN,

,^at 42-4 !p It 12-20-62/I31d 6.H 6.53 * 2.92 6,6'C

01-22-63/1515 6,36 f 2.93 17,360

43.0 43.0 RIP It 12-20-62I1327 0,76 0,101 a 0,110 2 R for 41.7/44 eoq,

43,5 13,5 RY It 12-20-62/INII 0,26 0,725 6 0.I14 2; for 41,5/44 aoar,

43-1 Lp It 12-20-62/1310 1.15 12.2 r4.26 7,rC

43.6 43-3 !p It 12-2042/1361 0.N 2.t» * 1.03 10,100
Go

. !!.0 44.0 Rr It I2-2o-62/13l0 0.16 0.391 a 1.37 2S for 41s7Nd aaq., , .

^"16
^1.5/44 101 12-20-12/1S50 0,66

lN
0,716 * 0,261

, .A 4x
tp

aoaP. RM

(a) River alla locations based an rrkars Indteatlnp slwrallns distanw danstraao from yarnita MldOa,
Ib) ORO danotss river saapla oollootad from river surfaad at the atddN of the river cnannol awy from Hanford

J Shoreline,
(a) RW dnatas river ratar saapld oelladtad from surfau within 2 to 4 aatars of llanfard snarallnh
(d) 2p danotn rtvrr-bnnk spring srqla.
(a) Cap. RYI tlanotas aaoposlta river water saylo aaqrlsad of alipuots from Iradlataly praaaNln sayld looatlow.}
It) 14rantbals anoloslnq a value Indlaatas that the rsdtoeuwllda was not dNaaHblal the value 0" ldss than Its

fw-standard deviation loount(np error) or the value was npativa• !It to not wooron for Indlvldual wasurarats
.' . at environmental radioactivity to result In values of two or negative numbers due to subtracting out (natruaantal
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